The obtained results indicate that the onset of spring phenophases was dependent on temperatures existing already in early spring and to the end of winter period. The statistical analysis proved a high correlation existing between the onset of spring phenophases on the one hand and soil and air temperatures on the other. Temperature requirements as defi ned for the beginnings of individual phenophases were evaluated on the base of cumulative sums of temperatures higher than 0 °C. The obtained results indicate that, as compared with results of long-term monitoring, the period of the duration of spring phenophases had been gradually shortened. On the other side, however, the duration of autumn phenophases was extended and they ended in the late autumn. Repeated extensions of the growing season to the detriment of winter dormancy might show a negative eff ect on the health condition of forest stands.
INTRODUCTION
The phenological monitoring enables to study patterns and the course of life processes taking place in plants and their dependence on environmental conditions. They enable to get valuable data about the onset and duration of the growing season in diff erent climatic regions. Although the character of individual phenophases of forest woody species is markedly periodic, it can be said that they are signifi cantly infl uenced also by environmental conditions, above all by the weather. Due to current climatic changes, the onset of individual phenophases can be shi ed so that the norma development of plants can be disturbed (Larcher, 1988) . The dependence of tree phenology on climatic signals is well established (Sparks et al., 2006; Bednářová et al., 2010; Merklová & Bednářová, 2008 , Škvareninová, 2013 .
The monitoring of phenophases and their evaluation may be used as a bioindicator of climatic changes. As far as individual woody species are concerned, an earlier onset and the changing duration of these phenophases is an indicator of the existence of such processes. The importance of phenological observations consists above all in a possibility to explain mutual relationships and correlations existing between phenological trends and climatic changes (Škvareninová, 2010; Gömöry, 2010) . Long-term phenological records may provide information at the level of individual species so that they enable to explain biological responses of plants to climatic changes in individual regions under study (Švareninová, 2013) . Recently published papers (Bartošová et al., 2010; Amano et al., 2010; Beaubien & Hamann, 2010) indicate that due to a gradual warming of the atmosphere individual phenophases begin earlier and earlier. Global studies concerning changes in plant phenology indicate that in medium and higher altitudes of the northern hemisphere the onset of individual phenophases occurs earlier in the spring and that the growing season extends to the late autumn so that the period of dormancy is shorter and shorter (Hájková et al., 2010; Možný & Nekovář, 2007; Škvareninová, 2009 ). [2005] [2006] [2007] [2008] [2009] [2010] Hydrometeorological Institute (Hájková et al., 2012) and observed were the following phenological stages: breaking of buds (budbreak), leafi ng 10%, leafi ng 50%, leafi ng 100%, fully leaved, 10% of leaves discoloured, 100% of leaves discoloured, 10% of leaves fallen, 100% of leaves fallen. The day ordinal numbers from the beginning of a calendar years were assigned to the date of particular phenological stages. Sums of average daily temperatures higher than 0 °C (TS0) were calculated for each phenophase. Sums of soil temperatures measured in corresponding phenophases were assessed at the level above 0 °C. In the forest stand under study, air temperatures were monitored by means of the Datalogger Minikin T sensor placed on the lower margin of crowns. The soil temperature was measured with the MicroLog SP sensor at the depth of 20 cm. For monitoring of precipitations, the Climatronics rain gauge and the datalogger MicroLog ER were installed in the open area.
MATERIAL AND METHODS

RESULTS AND DISCUSSION
The Onset and Duration of Individual Phenophases as a Response to Weather Variability
In individual years, the onset and duration of spring phenophases was very variable and depended on the course of weather conditions. The time course of spring phenophases in European beech (Fagus sylvatica L.), as recorded in individual years, is presented in Fig. 3 . Within the period of 2005-2010, the beginning of budbreak phenophase occurred in average on the 107 th day of the calendar year (with the variability of 25 days) depending on the end of winter and the onset of temperatures enabling the advent of spring phenophases. The phenophase of 10% of leaves began in average on the 116 th day of the calendar year (with the variability of 17 days). The phenophase of 50% of leaves started in average on the 119 th day of the calendar year (with the variability of 15 days) and the phenophase of 100% of leaves occurred in average on the 122 nd day of the calendar year (with the variability of 13 days). In European beech (Fagus sylvatica L.), the full development of leaf area took place on the 134 th day of the calendar year (with the variability of 19 days). It was found out that within the whole study period (i.e. 1991-2010) , the most variable of all spring phenophases was that of the budbreak.
The statistical analysis demonstrated that the onset of this phenophase was dependent on air and soil temperatures existing in the preceding month. This analysis also demonstrated that the dependence of phenophases only on air temperature was lower while that on soil temperature was higher. As shown in Fig. 4 , multiple regression functions showed that the dependence of budbreak on both soil and air temperatures was very high (R 2 = 0. 8643 (y = 0.8322x + 17.784)).
Previous studies were focused on eff ects of climatic factors on the onset of the budbreak and development of foliage and also demonstrated the dependence of these phenophases on temperatures of both air and soil (Bednářová & Kučera, 2002; Merklová & Bednářová, 2008; Škvareninová, 2008; Bednářová et al., 2011 and . However, factors infl uencing the budbreak and beginning of development of leaves could not be defi nitely distinguished and for that reason it was necessary to evaluate them as a complex of factors. Onsets and durations of autumn phenophases (Fig. 5) were infl uenced not only by temperatures but also on the sum of precipitations in late summer and early autumn. In individual years of the study period, the beginning and duration of individual phenophases was rather variable. The beginning of the stage of 10% of yellow leaves was recorded in average on the 262 nd day of the calendar year (with the variability of 16 days). The fi rst visible cast of 10% of leaves was observed on the 278 th day of the calendar year, i.e. 16 days a er the beginning of leaf discolouration (yellowing). In individual years, the variability of this phenophase was 30 days. All (i.e. 100%) leaves were yellow on the 298 nd day of the calendar year. The onset of the stage of a complete (100%) leaf cast occurred in average on the 316 nd day of the calendar year. According to Larcher (1988) , those phenological processes that were taking place in forest woody species in the second half of the year could be infl uenced by diff erent environmental factors; individual phenological processes could be either accelerated or decelerated by existing ambient conditions. This author attached the maximum importance to the temperature because it could accelerate synthetic activities of plants. Among other important factors infl uencing the leaf abscission and transition to the period of dormancy, he enumerated reserves of nutrients and water as well as the eff ect of the diurnal photoperiod. Final phenophases occured in the period when temperatures dropped below the threshold value of + 5 0 C (Larcher, 2003) . These observations were in harmony also with our results. Many authors (e.g. Škvarenina et al., 2006; Škvareninová, 2013; Priwitzer & Minďáš, 1998) associated the onset of late autumnal phenophases with the preceding rapid decrease of temperatures and beginning of a period of more frequent precipitations. These data were corroborated also in our long-term study on European beech performed in the study area located in the Drahanská vrchovina uplands.
According to many authors, the temperature requirements concerning the onset of individual phenophases of plants can be satisfi ed at best by means of a cumulative sum of temperatures (Havlíček, 1986; Larcher, 2003; Bagar & Nekovář, 2007; Hájková et al., 2010) . The time of the onset of spring phenophases is dependent on the moment when certain temperature limits are exceeded. Sums of diurnal temperatures (TS0) higher than 0 °C were used as a biological criterion for the assessment of their eff ect on the beginning of spring and autumnal phenophases. These results are presented in Figs. 8 and 9. Within the evaluated period (2005) (2006) (2007) (2008) (2009) (2010) , the onset of the budbreak phenophase in European beech was observed at the moment when the value of TS0 was equal to 216.8 °C. The lowest sum of temperatures in the period before the beginning of this phenophase was recorded in 2006, viz. TS0 = 131.8 °C. On the other hand, however, the highest value of TS0 (263.4 °C) was recorded in 2007. The onset of the ten-per-cent leaf development stage occurred in average when the value of TS0 was 319.9 °C, the beginning of the fi y-per-cent leaf development stage was recorded in the moment when the value of TS0 was 351.3 °C, and the onset of the last stage of leaf development (100%) occurred in the moment when the value of TS0 was 411.0 °C. Finally, the onset of the phenophase of a fully developed leaf area was observed in the moment when the sum of temperatures TS0 was 501.7 °C. The beginning of the stage of 10% of yellow leaves was recorded in the moment when the value of the sum of air temperatures TS0 was 2,509.1 °C and the stage of completely (100%) yellow eaves began at TS0 = 2 806.3 °C. In average, the beginning of the phenophase of leaf abscission (10%) was observed in the moment when the value of TS0 was equal to 2,669.9 °C and the stage of a complete (100%) leaf-fall occurred at the sum of air temperatures of 2,904.8 °C.
The duration of spring phenophases (from the stage of budbreak to that of fully developed foliage) was dependent above all on weather conditions existing in individual years. In the course of the whole long-term study period (i.e. 1991-2004) this time interval was in average 32 days. Within the period of 2005-2010 the total length of spring phenophases of European beech (Fagus sylvatica L.) was reduced to 27 days. This phenomenon can be explained by the fact that in recent years the temperatures measured in April and at the beginning of May were higher.
In recent years, the total length of the growing season of European beech has been increasing. Within the period of 1991-2005 the duration of the growing season, i.e. from budbreak to the stage of a complete (100%) leaf-fall was 205 days while in years 2005-2010 this period was longer by 5 days (i.e. 210 days). As compared with the long-term average, the period from the stage of budbreak till that of completely (100%) yellow leaves was also protracted (by two days). During autumn monthsmeasured air and soil temperatures were higher and this resulted in a delayed leaf fallen. The period of a reduced assimilation is shortening and this may result in a depletion of reserve assimilates and a deterioration of the health condition of forest stands. Similar conclusions were published aslo by other authors (e.g. Hájková et al., 2010; Škvareninová, 2013; Bednářová et al., 2011) . A shortening of the duration of spring phenophases as well as a protraction of the growing season can be explained on the base of ongoing climatic changes.
CONCLUSIONS
The obtained results corroborate that the onset of individual spring phenophases is very variable and depends on the course of weather condition. In the study area, this concerns above all air and soil temperatures. The locality under study is situated in the region with enough rainfalls during the spring phenophases so that they are not negatively infl uenced by the water defi cit.
In average, the stage of budbreak of European beech (Fagus sylvatica L.) occurred on the 107 th day of the calendar year. The greatest variability of the onset of phenophases was observed in the phenophase of budbreak. The beginning of this phenophase was dependent at most on the end of winter and air and soil temperatures existing already in early spring. The statistical analysis demonstrated a high dependence of the budbreak phenophase on air and soil temperatures existing in the preceding month. In European beech, the onset and duration of autumnal phenophases was infl uenced not only by temperatures but also by precipitations occurring in the late summer and during the autumn. In the course of autumn, the shortening of the daylight period and a decrease in night temperatures were another important factors. The phenophase of leaf yellowing (10%) occurred on the 262 nd day of the calendar year. The stages of 10% and complete (100%) leaf abscission began in average on the 278 th and the 298 th day of the calendar year, respectively. Final phenophases occurred in the period when temperatures dropped below the threshold value of + 5° C for a period of several days.
Temperature requirements enabling the onset of individual phenophases (as expressed by means of a cumulated sum of temperatures) indicated that within the period 2005-2010 the average sum of temperatures required for the beginning of budbreak was TS0 = 216.8 °C. Within the whole study period (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) , the lowest sum of temperatures enabling the budbreak of European beech was TS0 = 70.8 °C. However, even this very low value was suffi cient to induce the phenophase of budbreak. In individual years, the range of temperatures required for the induction of this phenophase was relatively wide. Of all phenophases, this one was the most variable and in average was as much as 36 days.
The duration of individual spring phenophases was dependent on weather conditions existing in individual years. Within the framework of the long-term monitoring of European beech (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) , the duration of the period starting with the budbreak and ending with a fully developed leaf area was 32 days. Within the period of 2005-2010, however, this period was shorter (27 days). In recent years, the growing season of European beech in the study area was longer and longer. As compared with results of a long-term study, it extended from 205 days to 210 days. This means that an extension of the growing season and, thus, a shortening of the period of dormancy might have a negative eff ect on the health condition of forest stands.
SUMMARY
This paper presents results of a study on phenophases of European beech (Fagus sylvatica L.) performed within the period of 2005-2010. This study was linked up with a long-term study that was started in 1992. Although the onset of individual phenophases is predetermined by genetic properties of each plant species, the weather may infl uence the onset of individual phenophases and thus disturb the growth and development of plants. In individual years, dates of the onset and the duration of individual phenophases diff ered considerably and were dependent on the course of weather. In European beech, temperature requirements enabling the onset of individual phenophases were expressed as sums of temperatures recorded in periods preceding each of the phenophases under study. The authors elaborated cumulative sums of air temperatures higher than 0 °C for each period that preceded individual phenophases under study. In individual years, these sums were rather diff erent. Of all phenophases, the stage of budbreak was the most variable. It was found out that for the onset of spring phenophases both air and soil temperatures were of crucial importance. The statistical analysis of obtained results demonstrated that these two variables should be evaluated in conjunction. As compared with the long-term average data the period between the budbrak and full development of leaf area was shorter and shorter due to the occurrence of higher temperatures in spring months in recent years. On the other hand, the duration of autumnal phenophases gradually extended. It is well-known that the dormancy is quite indispensable for a good health condition of forest woody species. However, because of this phenomenon, the total duration of the growing season was extended while that of the dormancy period was shortened so that it can be concluded that this phenomenon could endanger the health condition of forest stands.
